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Description 

[0001] The invention concerns a process for the 
construction of a hierarchically structured communica- 
tion network for telephone traffic and Internet dial-up 
traffic, with nodes that differ In their hierarchical steps 
and their technical equipment, of which at least one is 
arranged as an Internet interface, and which are con- 
nected to each other by lines that have different band 
widths and/or are based on different transmission 
media. 

[0002] For the great rnsjority of us^rs, Int6rn6t 
access takes place through a public or private tele- 
phone network. Since the telephone market has been 
liberalized in most countries, users can choose between 
various operators of telephone line networks and/or 
mobile radio-based networks. The lines that connect the 
user's connection with a dispatching node are, however, 
as a rule, in the hands of a single network operator that 
will hereinafter be designated as the Primary Network 
Operator. If the participant wishes to use the network of 
another network operator, then the transition into this 
other network, hereinafter called the Secondary Net- 
work Operator, is done at special connecting points 
called Pol's (Points of Interconnection). Thus, there is a 
hierarchical network structure in which the lower level is 
formed by the connections of the individual participants 
and the next higher level by the Pol's. 
[0003] Even a network of the Secondary Network 
Operator is generally structured hierarchically. The top 
level is fomied by a number of fully networked nodes 
that are connected to each other with powerful lines 
such as broadband copper cable, fiberglass cable, radio 
links and the like. These nodes and the associated con- 
nection form, to a certain extent, the backbone of the 
network and are designated as the backbone. Often, 
there is at least one further hierarchical level between 
the backbone and the Pol's. In practice, the nodes of the 
upper levels usually have the additional function of a 
Pol. In building such a communication network, it must 
therefore be specified which hierarchical level each indi- 
vidual node is to be assigned, which nodes of the lower 
hierarchical level are to be connected directly to this 
node and, unless it is a backbone node, to which node 
of the next higher hierarchical level the node in question 
is to be connected. 

[0004] Hereinafter, these specifications will be 
called the configuration of the network. Furthermore, in 
the structure of the network, it must be detemnined 
which technical equipment the various nodes are to 
receive and how the lines through which these nodes 
are connected are to be created technically. These 
determinations will hereinafter be called "dimension- 
ing." The technical task now resides in finding a config- 
uration and dimensioning the network, which makes it 
possible to serve all participants as needed with the 
least possible installation and operating expense. The 
basis for this is a detenni nation of the need based on 



current statistical data, or statistical data to be expected 
in the future, on the spatial and time distribution of the 
density of data traffic. 

[0005] If the Secondary Network Operator also 

5 offers access to the Internet and offers corresponding 
Internet dial-up nodes on its network, then data traffic 
consists not only of telephone connections between 
participants, but also of Internet dial-up traffic between 
participants and the dial-up nodes offered on the Sec- 

10 ondary Network. Since a different transmission protocol 
is used for Internet dial-up traffic than is used for tele- 
phone traffic, in this case, when confiniiring the net, it 
must also be specified which nodes are to be set up as 
interfaces between telephone-specific transmission pro- 

15 tocol and Internet-specific transmission protocol. 

[0006] The problem to be solved by the invention Is 
to provide a process for building up a communication 
network for telephone traffic and Internet dial-up traffic 
that makes possible service as needed for both types of 

20 traffic at the lowest possible installation and operating 
expense. 

[0007] This problem is solved by the invention 
through the following steps: 

25 (a) providing possible locations for the nodes, 

(b) generating separate traffic statistics for tele- 
phone traffic and Internet dial-up traffic, 

30 (c) issuing an initial configuration for the network, 

(d) dimensioning the network elements, that Is the 
nodes and lines, on the basis of peak load resulting 
from the two traffic statistics generated In step (b) 

35 for each network element, 

(e) calculating an evaluation function that repre- 
sents the installation and operating expenses for 
the current configuration, 

40 

(f) changing the configuration according to the prin- 
ciple of randomness and repeating steps (d) and (e) 
for the new configuration, 

45 (g) comparing the evaluation functions for the new 
and the old configuration and deciding which one 
will be adopted as the current configuration accord- 
ing to a simulated annealing algorithm, 

50 (h) repeating steps (f) and (g) until the evaluation 
function converges, 

(i) setting up the nodes and lines according to the 
configuration obtained in step (h). 

55 

[0008] The Invention is based on the recognition 
that, in the configuration and dimensioning of the net- 
work, substantial synergistic effects can be achieved if 
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the determination of need is done on the basis of the 
traffic statistics for both types of traffic, and taking into 
account the special characteristics of each. These syn- 
ergy effects result from the fact that the same lines are 
used for telephone traffic and Internet dial-up traffic on 
the lower levels, but then however, at one of the higher 
levels, they were differentiated and the spatial and tem- 
poral traffic density profiles for telephone traffic on the 
one hand and Internet dial-up traffic on the other hand 
differ substantially from each other. For example, it is 
often the case that telephone traffic has the highest 
density in the daytime, during normal office hours, while 
the Internet dial-up traffic reaches its greatest density in 
the evening and night hours. In the process In accord- 
ance with the invention, this effect automatically leads to 
the fact that the nodes and lines on the lower level, 
which are used in common by the telephone and Inter- 
net traffic, can be dimensioned to be smaller, so that 
corresponding cost savings are obtained. Simitar sav- 
ings effects can also result from the different spatial dis- 
tribution of the traffic densities. If. for example, in a 
certain region, Internet traffic shows an especially high 
proportion of the total traffic that occurs, then the lines in 
this region can be relieved of the load and can be 
designed in a more cost-effective manner by increasing 
the Interfaces in this region, thereby using the Internet 
traffic lines more efficiently. Savings effects of this type 
are automatically achieved by using the process 
according to the invention without requiring the user of 
the process to undertake special considerations or to 
analyze the situation in detail. 

[0009] Furthermore, the process is especially suita- 
ble for optimization in cases in which even a part of the 
telephone traffic is earned out over the Internet. The 
decision as to whether the entire transmission capacity 
or at least a part of the transmission capacity for tele- 
phone traffic between two nodes is offered by means of 
direct tines or over the Internet then represents a further 
parameter of configuration and optimization of the net- 
work. 

[001 0] The point of departure for the process is a 
beginning configuration selected by the user, then opti- 
mized according to a process known in the literature as 
"simulated annealing" (simulated tempering). At the 
same time, small changes are made in the beginning 
random configuration, for example by raising or lowering 
the hierarchical level of a node, canceling a Pol com- 
pletely or equipping a special node as an additional 
Internet interface. Each individual node and each indi- 
vidual line In the changed configuration is then dimen- 
sioned on the basis of the traffic statistics in such a 
manner that for both telephone traffic and Internet dial- 
up traffic there is sufficient capacity available. Depend- 
ing upon the dimensioning, there arises for every node 
and every line a certain installation expense that goes 
into an estimating function for the given configuration. 
This expense also goes into the evaluation function 
according to a certain cost model. Similarly, the costs 



for outside services flow into the evaluation functions as 
well, especially the costs for providing network compo- 
nents by the primary network operator. The evaluation 
function so calculated therefore represents a measure- 

5 ment for the total cost for the installation and the opera- 
tion of the network. After each random change in the 
network configuration and corresponding dimensioning, 
the evaluation function is again calculated. 
[0011] Changes in the configuration that have led to 

10 a higher evaluation function are either accepted or 
rejected according to the simulated annealing algo- 
rithm. This algorithm is derived from the processes that 
lead to the fact that heating and cooling a solid body 
leads to the solid body assuming its lowest energy level 

15 structure. In the "heating phase," even random changes 
in the configuration are permitted, which leads to a 
higher energy or evaluation function. Only in a later 
"cooling phase" is the evaluation function minimized. 
"Heating" one or more times prevents the configuration 

20 from becoming dependent upon a local minimum that is 
far from the absolute minimum. It can be shown that 
such a process eventually converges to a configuration 
In which the evaluation function lies near a relative opti- 
mum at least. 

25 [0012] The simplest version takes into account, in 
the process, only two different traffic streams, namely, 
on the one hand, telephone traffic and, on the other 
hand, Internet dial-up traffic. However, the process can 
analogously be expanded so that additional or different 

30 traffic streams are taken into account separately, for 
example, international telephone calls. 
[0013] In the following, a sample embodiment will 
be explained in greater detail, using the drawing. 
[001 4] The following are shown: 

35 

F\Q. 1 a simplified block diagram of a com- 

munication network; 

Fig. 2 an example of a connection matrix 

that represents the spatial traffic sta- 
40 tistics of telephone traffic; 

Figs. 3a and 3b examples for the temporal traffic sta- 
tistics of the telephone and Internet 
dial-up traffic; 

Rg. 4 a flow chart to explain the process in 

45 accordance with the invention. 

[0015] In Fig. 1 , a hierarchically structured commu- 
nication network '\s represented that has four hierarchi- 
cal levels, which are designated as level 0, level 1 , level 

50 2 and level 3. The lowest level 0 consists of nodes 10, 
which represent participant connections that are con- 
nected by lines 12 of a Primary Network Operator to 
nodes 14 of level 1. Nodes 14 of level 1 are so-called 
Pol's, that is, interfaces between the network of the Pri- 

55 mary Network Operator and the network of a Secondary 
Network Operator consisting of the network of levels 1 , 
2 and 3, which is to be optimized with the aid of the pro- 
cedure described here. Each node 14 is connected by 
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lines 12 of the Primary Network to a multiplicity of par- 
ticipants (nodes 10). In a practical example, a node 14 
serves the participants of multiple local networks of the 

public telephone network. 

[0016] Nodes 1 4 are not directly connected to each 
other, but are each connected through a line 10 with a 
node 1 8 of level 2. 

[0017] Each node 1 8 serves multiple nodes 14 and 
is connected to a node 22 of level 3 of the so-called 
backbone. The nodes 22 of the backbone, of which only 
two are represented In Fig. 1 , are fully networked with 
e?.ch other by very powerfu! lines 2^1. 
[0018] Nodes 18 and 22 of levels 2 and 3 can also 
be directly connected to nodes 10 of level 0 and there- 
fore carry out the function of Pol's just as the nodes 14 
do. In places in which the nodes 14 and possibly the 
nodes 1 8 and 22 are housed, these will often be rented 
rooms or arrangements in dispatching offices of the Pri- 
mary Network Operator. Lines 16, 20 and 24 between 
the nodes of level 1 through 3, by contrast, belong to the 
network of the Secondary Network Operator and can 
differ with respect to their transmission capacity and 
with respect to the transmission media used. Even the 
capacity and the technical equipment of nodes 14, 18 
and 22 can be different, as needed. For example, these 
nodes nnay be equipped with multiplexers or TDM dis- 
patching systems for the transmission of language infor- 
mation according to the TDM process (Time Division 
Multiplexing). Furthennore, these nodes can be 
equipped with so-called remote access servers (RAS), 
which function as Internet interfaces and provide adap- 
tation of the Internet dial-up data to the IP protocol that 
is usual on the Internet. Finally, individual nodes, espe- 
cially nodes 22 of the backbone, can contain an Internet 
Gateway (IG), which represents the actual connection 
between the networks of the Secondary Network Oper- 
ator and the Internet. 

[0019] If a participant wishes to use the Secondary 
Network for a long-distance telephone call, then he is 
connected through line 12 of the Primary Network to the 
nearest Pol (for example, one of the nodes 14), and 
from there the conversation is forwarded over the Sec- 
ondary Network that is closest to the participant being 
called (node 10). The forwarding of the conversation 
from this Pol to the participant then goes back to the Pri- 
mary Network. An example of such a transmission path 
26 for telephone traffic is shown as a dotted line in Fig. 
1 . In this case, the transmission takes place through two 
nodes 1 8 of level 2, which are connected to the same 
node 22 of level 3. In general, the conversation will be 
transmitted through line 24 to another node 22 of the 
backbone and then to a Pol that is directly or indirectly 
assigned to this node. 

[0020] An example of a transmission path 28 forthe 
Internet dial-up traffic is represented in Fig. 1 as a dot- 
ted line. In the lower level, data transmission takes place 
on the same channels as in telephone traffic, that is first 
over the Primary Network and then over the Pol's of the 



Secondary Network Operator. However, as soon as the 
data amve at either of the levels 1 , 2 or 3 at a node that 
is equipped with an Internet interface (RAS), the data 
are fonwarded through the backbone to the nearest 

5 Internet Gateway (IG). 

[0021 ] Nodes 1 4, 1 8, 22 and lines 1 6, 20, 24 of the 
Secondary Network Operator must be dimensioned in 
such a manner that at any time and on any part of the 
network sufficient transmission capacity is available. On 

10 the other hand, however, over-dimensioning Is to be 
avoided, so that no unnecessary costs are incun-ed. 

^^^••^J «-<«^LK^IIIIIIIO II IW IIOC«.4, C4 LICIIIIOIMCtLII/V Will UC 

generated tor telephone traffic and Internet dial-up traf- 
fic that indicates the spatial distribution of the traffic den- 

15 sity. Fig. 2 shows, as an example, a traffic matrix for 
telephone traffic. The spatial extent of the network is 
divided into regions A, B, C, etc. The matrix then pro- 
vides for each pair of regions, for example, A and B, the 
frequency of telephone calls from A to B or from B to A. 

20 In the example shown, a distinction is made between 
the two directions of telephone connection (from A to 8 
or B to A). If this differentiation is dropped, the amount 
of data of the traffic matrix is halved. 
[0023] A corresponding traffic matrix is also gener- 

25 ated for the Internet dial-up traffic. 

[0024] In order to obtain both traffic matrices, for 
example, a software tool may be used that is offered by 
the Nortel Data Network Systems GmbH & Co. KG, 
Friedrichshafen, under the title "TraffMate." 

30 [0025] in addition to the spatial distribution of the 
traffic density, the temporal density distribution of the 
traffic streams is determined, indeed again separately 
for telephone traffic and Internet dial-up traffic. Figs. 3a 
and 3b show daily profiles for the temporal distribution 

35 of the traffic density in the form of bar graphs, where 
each bar corresponds to a time Interval of one hour. It 
can be seen that the daily profiles of the traffic streams 
clearly differ from each other. While in the telephone 
traffic, the traffic density at night is extremely low and 

40 only at the beginning of the working day, around 8 a.m., 
abruptly rises and then falls over the course of the after- 
noon. The Internet traffic is marked by a high-traffic den- 
sity in the evening and night hours, while a minimum is 
reached in the early morning hours. 

45 [0026] The daily profiles according to Figs. 3a and 
3b can be determined for the network as a whole, by 
making the realistic assumption that the habits of the 
network users do not show very large spatial differ- 
ences. Optionally, it is however possible to break down 

50 the daily profiles spatially by, for example, generating a 
separate daily profile for each matrix element of the traf- 
fic matrix according to Fig. 2. 

[0027] The traffic statistics shown in Figs. 2 and 3 
are prepared and stored electronically and fomi the 
55 basis for the construction of the communication net- 
work, according to a process that will be described in 
greater detail referring to Fig. 4. 
[0028] The process begins with the fact that in Step 
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SI a certain beginning configuration and dimensioning 
of the network is prescribed In this connection, the 
places and hierarchical structure of all nodes 14, 1 8 and 
22 of the Secondary Network are specified and input 
into a data processing system in which the process 
described Is Implemented. To the extent that some pos- 
sible Pol's are not used in the beginning configuration, 
the location of these Pol's are also input. Furthermore, 
it can be specified for every Pol which technical equip- 
ment can be installed there. The dimensioning of the 
individual network elements (nodes and lines) is done 
with the aid of a software module that refers back to the 
statistical data shown in Figs. 2 and 3 and assures that 
sufficient capacity is available for all connection fre- 
quencies to be expected. In practice, for a given line, 
that is for a node-to-node connection, different transmis- 
sion channels are available. The software module then 
calculates the least expensive combination of transmis- 
sion channels with which the transmission capacity is 
reached. 

[0029] In Step S2, an evaluation function f(old) is 
calculated for the configuration and dimensioning thus 
obtained. This evaluation function serves to estimate all 
installation and operating costs for the network, accord- 
ing to a suitable cost model. These costs especially 
include the fees for the use of lines 12 of the Primary 
Network that are dependent upon the traffic density at 
the Pol involved and - if the area assigned to the Pol's is 
very large - on the average distance between partici- 
pant and Pol. Also included in the evaluation function 
are the operating and capital costs for the technical 
equipment of each node, as well as the operating and 
capital costs for the network lines 16, 20 and 24. 
Depending on the type of transmission medium used, 
these costs may also be dependent upon distance for 
individual lines. 

[0030] In Step S3, one or more changes are made 
randomly. The changes can, for example, consist of 
increasing or decreasing the size of the area covered by 
a Pol, removing a Pol or adding a new Pol, assigning a 
node 14 of level 1 to another node 18 of level 2, chang- 
ing a node of level 1 into a node of a higher level or vice 
versa, and con-espondingly adapting the assignments 
between the nodes of the different levels. 
[0031] In Step 84, a new dimensioning is under- 
taken for the changed configuration. For this purpose, 
the same software module can be used as in Step 1, 
[0032] In Step S5, the evaluation function f(new) for 
the reconfigured and re-dimensioned network is calcu- 
lated on the basis of the same cost model as used in 
Step S2. In Step S6, the cost functions for the new and 
old configurations are compared, and a decision is 
made as to which of the two configurations should form 
the basis for the further process. The higher the 
assumed "temperature^" the sooner an acceptance of 
the evaluation function is tolerated. If the new configura- 
tion is rejected, then we return to Step S3, Othenivise, in 
Step S7, the changed configuration is declared to be the 



current configuration. In Step S8, it is then checked 
whether the configuration has stabilized near a mini- 
mum for the evaluation function. If this is not the case, 
we go back to Step S2. The calculation of the evaluation 
5 function in Step S2 is then trivial, since this evaluation 
function is equal to the evaluation function f (new) calcu- 
lated previously in Step S5. 

[0033] The loop consisting of Steps S2 through S8 
is repeated until it is shown in Step SB that the evalua- 
te tion function has not significantly decreased, even after 
multiple changes are tried. This means that the configu- 
ration has approached the optimum. In this case, the 
current configuration is issued as the result of the opti- 
mization process and the network is established in this 
75 configuration and dimensioning. 

[0034] Of course, the above-described procedure is 
equally suitable for optimizing an already existing net- 
work if the conditions, for example, the cost structure 
and/or the traffic statistics, have changes. 
20 [0035] In experiments, network configurations were 
calculated according to the above-described process, 
taking into account the traffic statistics for both tele- 
phone traffic and Internet traffic, and the results were 
compared to network configurations which had opti- 
25 mized, taking into account traffic statistics for only tele- 
phone traffic or for only Internet dial-up traffic. 
[0036] The process according to the invention pro- 
vided an average of approximately 20% lower evalua- 
tion function. This proves that with the process in 
30 accordance with the invention, considerable synergy 
effects can be achieved and corresponding cost savings 
can be obtained. 

Claims 

35 

1. Process for the construction of a hierarchically 
structured communication network for telephone 
traffic and Internet dial-up traffic, with nodes (14, 
18, 22) that differ in their hierarchical level and their 

40 technical equipment and of which at least one is 
designed as an Internet interface (RAS) and which 
are connected to each other by lines (16, 20, 24) 
that have different band widths and/or are based on 
different transmission media, characterized by the 

45 following steps: 

(a) Assigning possible locations for the nodes 
(14,18, 22); 

50 (b) Determining separate traffic statistics for 

telephone traffic and Internet dial-up traffic; 

(c) Detemnining a beginning configuration for 
the network; 

55 

(d) Dimensioning the network elements, that is, 
the nodes and lines, on the basis of peak load, 
which results for each network element from 
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the two traffic statistics referred to in Step (b); 

(e) Calculating an evaluation function that rep- 
resents the installation and operating expense 



(f) Changing the configuration randomly and 
repeating the Steps (d) and (e) for the new con- 
figuration; 

10 

(g) Comparing the evaluation functions for the 

MiiM fttiw wi« WW! iri^ui u<.iwi I uiivJ UV^V/IVJII 1^ 

which configuration is adopted as the current 
configuration, according to a Simulated 
Annealing Algorithm; 75 

(h) Repeating Steps (f) and (g) until the evalua- 
tion function converges; 

(i) Arranging the nodes and leads in accord- 20 
ance with the configuration obtained in Step 



2. Process in accordance with Claim 1 , characterized 

in that the traffic statistics include both the spatial 25 
distribution and the temporal distribution for tele- 
phone traffic on the one hand and Internet dial-up 
traffic on the other hand. 

3. Process in accordance with Claim 1 or 2, character- 30 
ized in that possible configurations include even 
such configurations in which a part of telephone 
traffic takes place over the Internet. 



for the current configuration; 



5 



(h). 
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Fig. 2 
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Fig. 4 
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